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Abstract 
In this article, the effect of applying sonication on the characteristics of zinc oxide (ZnO) thin films prepared by sol-gel method is 
investigated. ZnO films were deposited on glass substrates using spin coating technique. Zinc acetate dehydrate, ethanol, and 
triethylamine were used as the zinc source, solvent, and stabilizer, respectively. The as-deposited films were dried at 300 °C for 
10 min. The spin-coating and drying steps were repeated for depositing ten layers to reach the desired thickness. X-ray diffraction 
(XRD), field emission scanning electron microscopy (FESEM), and UV-Vis spectroscopy analyses were used to study the 
crystallinity, morphology, and optical properties of the films. XRD spectra show that the samples were crystallized in wurtzite 
structure and sonication treatment has no effect on crystal phase. However, the crystallinity and preferred orientation growth 
were remarkably changed. The average grain size observed by FESEM for sonicated films is larger than those for films without 
sonication. UV-Vis spectroscopy shows that optical band gap energy slightly decreases by sonication. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Zinc oxide (ZnO) is a semiconductor belonging to the group II-VI. ZnO thin film with unique properties such as 
wide and direct band gap energy (3.37 eV), large exciton binding energy (60 meV) at room temperature, and high 
transparency is an appropriate candidate for many applications, Khodja et al. (2014), Xu et al. (2001). ZnO thin 
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films are suitable for a broad range of applications such as solar cells, Zhang et al. (2009), light emitting diodes, 
Look et al. (2004), gas sensors, Pearton et al. (2005), anti-reflection coating, Chao et al. (2010), and photocatalysts, 
Daneshvar et al. (2004).  
Different morphologies for ZnO thin films can be obtained depending on synthesis methods like nanorods, 
Vayssieres (2003), nanowire, nanobelts, Wang (2003), and nanoflakes, Huey-Shya et al. (2011). There are several 
methods to synthesize ZnO thin films such as RFmagnetron sputtering, Park et al. (2004), spray pyrolysis, Lehraki 
et al. (2012), chemical vapor deposition, Natsume et al. (1995), pulsed laser deposition, Tsoutsouva et al. (2011), 
and sol-gel, Cui et al. (2013). Among them, sol-gel is a simple and low cost method, which produces homogeneous 
films. However, most of these synthetic methods involve high reaction temperatures.  
Recently, there have been some reports regarding synthesis of ZnO by ultrasound-assisted technique. This 
technique provides the system with a lower crystallization temperature and a short-time synthesis in addition to its 
simplicity and non-toxicity, Azizian-Kalandaragh et al. (2009). Ultrasound-assisted technique also leads to a good 
control on the ultimate morphologies of ZnO nanoparticles. The responsible mechanism for sonochemical synthesis 
is cavitation which consists of three main stages: creation, growth and impulsive collapse of bubbles made in the 
liquid. Using ultrasound frequencies gives rise to formation of local hot spots with high temperatures (up to 5000 k) 
and high pressures (1000 bar). These are the conditions which have made it possible to synthesize ZnO 
nanoparticles under mild situations, Bang and Suslick (2010). In the present work, we combine sol-gel and 
sonochemical technique in order to synthesize ZnO thin films. The effect of applying sonication on the crystal 
structure, crystallite size, and optical properties of ZnO nanostructured thin films prepared by sol-gel method is 
investigated. 
2. Experimental method 
2.1.  Synthesis 
In order to synthesize ZnO sol, zinc acetate dehydrate Zn(CH3COO)2.2H2O (Merck) was dissolved in ethanol 
(EtOH, absolute, Merck). Triethylamine (TeA, Merck) was added drop by drop to solution as stabilizer. The molar 
ratio of additive to precursor was kept at 1:1 and the molar concentration of  ଶା in the solvent was 0.2 M. 
Solutions were stirred by a magnetic stirring apparatus at room temperature for 30 min. One of the samples was 
sonicated in ultrasonic bath (Elmasonic S30H-2.75 lt, 280 w, 37 KHz) for 1 h to investigate sonication effect on the 
prepared sol. The temperature of medium during the ultrasound irradiation was kept constant at about 25-30 °C. 
Then both samples were deposited on pre-cleaned glass substrates after 24 h aging using spin coating technique. The 
spin-coating speed and time were 3000 rpm and 30 sec, respectively. The as-deposited films were dried at 300 °C 
for 10 min. The mentioned procedures from spin-coating to pre-heating were repeated 10 times to obtain the desired 
thickness. The samples were then calcined at 500 °C for 1 h in air atmosphere. 
2.2. characterization 
X-ray diffraction method (XRD, Philips PW1730 X-ray with Cu Kα radiation, λ= 1.5418 Å) was used to 
determine the structural properties of the films. The morphology of thin films was studied by using a Hitachi S4160 
field emission scanning electron microscope (FESEM). The optical transmittance spectra of ZnO thin films were 
examined with a UV–VIS spectrophotometer PG instrument, T80+. 
3. Results and discussion 
Figure 1 shows the XRD patterns of ZnO thin films with and without sonication. These patterns suggest that both 
samples have hexagonal wurtzite structure and applying sonication has no influence on crystalline phase of ZnO thin 
films.  Diffraction signals with peaks placed at 31.50, 34.18 and 35.98 can be attributed to (100), (002) and (101) 
diffraction, respectively. Both samples have strong (002) peak which proves that they have preferential growth 
along the c-axis perpendicular to the substrate surface. It is obvious that subjecting the sample to ultrasound 
irradiation for 1 h leads to decreasing (002) and increasing (101) peak intensity. The change of preferential growth 
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direction is closely associated with applying sonication. The full width at half maximum (FWHM) of zinc oxide thin 
films after sonication is reduced.  
 
Fig. 1. XRD patterns of samples A (without sonication) and B (with sonication). 
 
Figure 2 displays the UV–Vis transmittance spectra of ZnO thin films for samples A (without sonication) and B 
(with sonication). The ZnO films are transparent with an optical transmittance more than 80% in the visible spectral 
region (400–700 nm) and present a sharp absorption edge in the UV region. There is no considerable difference 
between transmittance spectra of both samples in the visible and UV regions. Fig. 2 also shows the (αhυ)2 versus hυ 
curves for samples A and B, where the band gap value can be obtained by extrapolating the linear portion to the 
photon energy axis on the graph. Calculated band gaps for samples A and B are 2.276 and 2.279 eV, respectively, 
which are almost similar and there is no large difference between the values of band gap for both samples. 
Therefore, subjecting the ZnO sol to ultrasound irradiation for 1 h has not any important effect on its optical 
behavior. 
 
 
Fig. 2. UV-Vis transmittance spectra for samples A (without sonication) and B (with sonication). Inset shows the Tauc plot of the samples. 
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Figure 3 shows FESEM images for samples A and B. It can be seen obviously that applying sonication for 1 h 
increases the average grain size of ZnO thin films. The average grain size calculated for samples A and B are 28 and 
54 nm, respectively. As discussed earlier, ultrasound irradiation provides the systems with some hot spots (with 
temperature up to 5000 k), which results in agglomeration of ZnO nanoparticles before spin coating. Then, 
increasing the average grain size by applying sonication on the ZnO thin films can be ascribed to agglomeration of 
ZnO nanoparticles before coating. 
 
 
 
Fig. 3. FESEM images for samples A (without sonication); B (with sonication). 
4. Conclusions 
The effect of sonication on the crystallinity, morphology, and optical properties of the ZnO thin films is 
investigated. Applying sonication does not change crystal structure and optical behavior of the samples. However, 
subjecting the samples to the ultrasound irradiation leads to a change in the preferential growth.  In addition, the 
average grain size of the sample which was subjected to ultrasound irradiation is increased considerably. 
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